The scattering lengths for hydrogen and deuterium atoms interacting via the potentials of the X At low temperatures, the scattering is described by the solutions of the single-channel radial Schrödinger equation for s waves y(k; R) with small wavenumbers k; the Schrödinger equation is
Bose-Einstein condensation of atomic hydrogen has been achieved [1, 2] . Future experiments on ultracold gases may involve mixtures of hydrogen and deuterium [3] . The scattering length is a fundamental parameter describing collisions at very low temperatures, and it has been evaluated with high precision for H-H and D-D collisions where the atoms interact via the potentials of the molecular states with symmetries X [4, 5] . Here we calculate and present scattering lengths for H-D collisions.
At low temperatures, the scattering is described by the solutions of the single-channel radial Schrödinger equation for s waves y(k; R) with small wavenumbers k; the Schrödinger equation is
where R is the interatomic separation, µ is the reduced mass of the colliding atoms, V (R) is the interaction potential andh is the reduced Planck constant. Asymptotically, as R ∼ ∞,
where η is the phase shift. The scattering length a is given by
In the Born-Oppenheimer approximation, the coupling of nuclear and electronic motion is neglected, and the interaction potential is independent of the masses of the nuclei and depends only on the nuclear separation. Born-Oppenheimer potentials have been calculated very precisely over an extended range of nuclear separation for many electronic states of H 2 and, in particular, for the X 1 + g and b 3 + u states which separate to H(1s) + D(1s) [6] [7] [8] [9] [10] and for the e 3 + u state which separates to H(1s) + D(2s) or H(2s) + D(1s) [11] . The asymptotic expressions of Dalgarno and Stephens [12] and of Bukta and Meath [13] can be used to extend the various potentials to large interatomic distances.
We obtained adiabatic interaction potentials by adding the diagonal terms of the nuclearelectronic coupling, which are mass dependent, to the Born-Oppenheimer potentials. Accurate adiabatic corrections have been calculated [6, 7] . Adiabatic corrections are inversely proportional to the reduced mass and are small.
The influence of the off-diagonal terms on the energies of the discrete rovibrational states supported by the X 1 + g state of H 2 and its isotopic variants has been investigated by Wolniewicz [6, 10] , who applied variational-perturbation theory to evaluate the energy shifts, which are also mass dependent. Aubert-Frécon et al [14] showed that the off-diagonal terms can be accounted for by an effective potential in which the reduced mass varies with the interatomic separation. The variation is slow. The analyses of Aubert-Frécon et al [14] and of Bunker and Moss [15] and the calculations of Williams and Julienne [16] suggest that an adequate description of the effect of the off-diagonal terms on the low energy scattering can be obtained by replacing the nuclear masses, M A and M B , of the colliding atoms, A and B, by M A +m and M B +m, respectively, in the calculation of the reduced mass, µ, where m is the mass of an electron.
For heteronuclear two-electron molecules there is an additional off-diagonal term, −¯h
, where the subscripts denote nuclear and electronic coordinates [6] . We estimated its influence on the scattering of hydrogen and deuterium atoms by generating an effective interaction potential, V (R) + δV (R), that reproduces the discrete eigenvalues with rotational quantum number J = 0 calculated for the X 1 + g state of HD [6] . We may use perturbation theory because the correction is small. We have the equations
and [17, 18] 
where δe i denotes the changes in the N discrete energy levels labelled by i = 1, . . . , N, φ i denotes the radial bound state wavefunctions and δa denotes the correction to the scattering length. It can be shown that δV (R) decreases at least as fast as R −8 for large values of R [19, 20] . To construct δV (R) from the set of energy shifts δe i , we represented it by the superposition of Gaussian functions
where
The parameters a i and R i are disposable parameters that determine the widths and positions of the maxima. We then solved the set of linear equations
to determine c i , and hence δV (R). We carried out some smoothing of the derived representation of δV (R) in the region of the origin as shown in figure 1 . The corrected potential reproduces all the vibrational eigenvalues. The change in the scattering length is −0.215 bohr.
The scattering lengths corresponding to the use of nuclear masses M A and M B and of atomic masses M A + m and M B + m are presented in table 1. The scattering length for hydrogen and deuterium atoms interacting via the stretched b 3 + u state is small, so that evaporative cooling of a mixture of hydrogen and deuterium atoms will be slow. However, for the interaction of metastable and ground state atoms, the scattering length is large and positive, and hence the density-dependent shift parameter is also large and positive [5] . The large, positive scattering length implies that deuterium atoms would be cooled efficiently by a buffer gas of metastable hydrogen atoms.
